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ABSTRACT

A plaque assay met~od for the small-plaque variant of the

pantropic van Wyk strain of Rift Valley fever virus is described.

Tho -ne,. Pi, prlrn,•t(m, tlin roprodtbtebL1{ty of reisIltFp the

dl tItitc r.. (if tOl. p1eqt'w , ntid the r•t l.:•vely short time

required !'-r pkqui.s to -Ipranr make the mrithod highly sUotable

for use in the laboratory. A model was constructed utilizing

this technique for estimating MICLD5values from plaque-forming

units. The model obtained has provided a firm basis for a large

reduction in costs of routine assays, due to its relative costs

of mouse and tissue culture assay.



I. INTRODUCTICN*

A number of investifators who successfblly plaqued Rift Valley fever
v rcis (RVFV)'- 3 o1,!.erved •l'-p I irizm in diameter; Ruunnels and Brown
lter , • large plaques up to 5 mm in diameter. Undoubtedly, the
above-meutLoted plaques were all of the wild pantropic virus, which
7 tiggested variants !.r wild pantropic RVFV. It was not until recently that
?oyle° plaqued the wild pantropic strain of RVFV and found plaques of
v .)r.Ci; r P .ther before or after passage in mouse fibroblast tissue
c.11 cultures. Hle was able to select and charactariz.z:,_LA =mall,-plaque
;:nd large-plaque variants of the pantropic strain of RVFV!. He further
domonstrated that the small-plaque variant was more virulent for-mice
than the large-plaque variant. The present report describes the relationship
`I•tween the in vivo infectivity using mice and in vitro plaque development in

L cell clone. The criteria of linearity and reproducibility were met and
proven. A model is also presented for estimating the mouse intracerebral
lethal dose., (ICLJ 5  from plaque-forming units (pfu). The model obtained
has provided a firm basis for a large reduction in costs of routine assays
for RVFV in these laboratories, due to the relative costs of mouse and tissue
ciitdre assay. Th-, author's recommend a similar study to determine if a

iomparable relationqhip holds f3r any virus assay system routinely performed.

I1. MATERIALS AND METHODS

A. VIRUS

The small-plaque variant of the pantropic van Wyk strain of RVFV6 was
used in this study. The origin and maintenance of this strain were
described by Walker et al. 9

Virus was propagated in L-DR strain, a variant of Earle's L cell
that was grown in medium supplemented with bovine serum. 9  Multiplicity
of inoculum (MOI) was 0.01, cell concentration was 2 x 105 cells/ml,
and the infection period was 48 hours. The tissue cells were removed by
low-speed centrifugation and the virus was assayed.

B. CELL CULTUPRES FOR PIAQUIhG

A variant (L-Nt\) of Earlt's L cell was obtained from Dr. Donald J.

Merchant, University of Michigan, Ann Arbor, Michigan. The cells were
maintained antibiotic-frec-, and a selected clonal line designated L-MA
clone 1-1 was established as the tissue cell line in these studies.
Growth medium for L-MA clone 1-1 was 199 medium supplemented with 0.5%

* This report should not be used as a literature citation in material to be

published in the open literature. Readers interested in referencing the
C1o-b~,T contained herein should contact the senior author to ascertain

•.ýrn and where it riay appear in citable form.
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Bacto-Peptone. Cultures were grman in suspension culturel' to produce bulk

quantities that v-rc determined to be PPLO-free by plating samples on

>ycoplasm• agar.* Frozen stoc'ks (-175 C) were prepared and used routinely

to avo.d tnconft;ttenciLes in plaque efficiency due to continuoja cell pasage,

(. PLAQUE OVERLAY ?MDIUM

The plaquing medium was composed of two overlays. The first overlay

medium consisted of two parts: (i) IX Harks BSS with 1.0% Noble agar, which

was autoclaved at 10 psi for 10 min, and (ii) 20% calf serum plus 69% 199

peptone medium containing a 1.0% solution of sodium bicarbonate. Equal

mixed; 1% Pen-Strep, 1% Mycostatin, and 1% (100 pg/ml) DEAE-dextran were

then added.

The second overlay medium also consisted of two parts: (i) IX Hanks

BSS with 1.0% Noble agar and (ii) 77% 199 peptone medium containing a 0.5%

solution of sodium bicarbonate. Equal volumes of both components were

individually warmed to 50 C and then mixed, with the addition of 0.007%

of a neutral red solution, 1.0% Pen-Strep, and 1.0% (100 pg/ml) DEAE-

ciextran.

D. PLAQUE ASSAY

Monolayers were prepared by seeding 2-ounce bottles** with 5 ml of

cell suspension at 7,5 x 105 cells/ml in growth medium. After incubation

overnight at 37 C, the growth medium was removed and cells were washed

with IX Hanks BSS at pH 7.6. Each battle was inoculated with 0.1 ml of

virus diluted to the desired concentration and allowed to adsorb for 1

hour at 30 C. After adsorption, 5 ml of the first overlay medium at 45 C

were added to each bottle. When the overlay hnd molidified (I hour),

the bottlen ,fere iverte4d and PIcubated at 37 C for 72 hours. The sono-

layere Were then iemoved from incubation, and the second overlay, which

contained stain for plaque observation, was applied. Plaque preparations

were covered with heavy brown paper from time of inoculation until addition

of second overlay to avoid photoinactivation. The plaques were counted

at 1 hour and again at 24 hours. All dilutions were counted, and the pfu

values were calculated from dilutions having the highest number of plaques.

In almost all cases, counts were made on bottles containing 50 to 150 plaques.

For reisolation of the virus, plaques were removed by an inoculating

loop of heavy-gauge wire. Single plaques were inoculated onto confluent

monolayers of L-MA clone 1-1 in 2-ounce bottles. The inoculated monolayer

cultures were incubated for 24 hours at 37 C, after which the medium was

removed and assayed botb ;n mice and by the plaque technique.

* Grand Island Biological Company, Grand Island, N.Y.

** Sani-Glass Flint-Grad, Brockway Glass Co., Inc., Brockway, Pa.
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M4OUSE ASSAY

The Fort Detrick Swi3s-Webster strain of mice weighing 6 to 8 g was
uied for titrating RVFV. Mice were inoculated intracerebrally, four mice
per dilution, with 0.03 ml of viral challenge material. Deaths were
recorded for 6 days postinoculation, but only those occurring after
24 hours were used ir. the calculation of MICLD50. The probit method1 1

of calculating MICLD. 0 values was used.

III. RESULTS

A. PLAQUE ASSAY

!:11,,1,ýWh,,f 1,1111,1,,1,41 e, , e i tiqi•,e wit-h ml h tp bolirdnrle woirO V u1 b 0 .@ A-4
"Itrty 1.1i h1.t 11f11 t the second overlay, which contaihed neutr1l red, was
placed over the 72-hour-old culture. They were <1 to 3 mm in diameter.
Statistically, there was :.o difference in counts taken at the 3rd and 4th
day after inoculation of monolayers. The plaques were distinct, uniform
in size, and easily visible with the naked eye or with an indirect lighting
system if uetail was desired (Fig. 1).

B. RELATIONSHIP BETWrEN PLAQUE NUMBERS AND VIRUS CONCENTRATION

The relationship between the number of plaques detectable and the
concentration of viru was determined. Starting at primary virus dilutions
of 10-2, 10-3, or 10", successive twofold secondary dilutions were made
of the different virus preparations to test for precision and linearity of
the data. The plaque assay performed equally well on each of the two virus
preparations (Table I). There was excellent agreement of pfu values for
all secondary dilutions and no real difference between the day 3 and day 4
pfu readings, as indicated in the last two columns. Moreover, there is a
linear relationship between t~he average number of plaques obtained for each
virus dilution and the relative concentration of virus.

C. COMPARISON OF RVF¶V INFECTIVITY TITERS OBTAINED BY MICLDW AND PLAQUE ASSAY

In preliminary experiments, the comparison of RVFV infectivity titers
between pfu and MICLD5was 1.5 logs higher for MICILD (Table 2). This
difference was based on titrations of cultures all approximating the same
degree of infectivity. In most cases, this meant that HICLD, values were
higher than pfu titers, suggesting that the MICLD50was somewhat more
sensitive (approximately 31.5 MICLD 5 vpfu).

~ ~-. %



II

yiclný 1. Plaques of Rift Valley Fever Virus in L-MA
Ch"i• v-1 Tissue Cells 72 Hours After InocuLation of Virus.
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TABLE 1. RELATIONSHIP BETWEEN PLAQUE COUNT AND VIRUS CONCENTRATION

Virus Preparation Plaques/Bottle 1,0910 pfu titer
aind Concentration Dilution Number Average Day 3 Day 4

4 8 -Hour Infectious Culture
x 10-3a/ 1 239, 242 240.5 6.38 6.38

1/2 125, 120 122.5 6.39 6.37
1/4 63, 63 63.0 6.40 6.38
1/8 27, 20 23.5 6.27 6.32

x 10-4 1 68, 79 73.5 6.87 6.93
1/2 25, 40 32.5 6.81 6.86
1/4 9, 16 12.5 6.70 6.60
1/8 1, 4 2.5 6.30 6.65

Alum-Precipitated
x 10-2 1 246, 232 239.0 5.38 5.37

1/2 142, 162 152.0 5.48 5.52
1/4 72, 87 79.5 5.50 5.54
1/8 43, 41 42.0 5.53 5.61

x 10-2 1 71, 32 52.5 4.71 4.74
1/2 25, 14 19.5 4.59 4.66
1/4 10, 21 15.5 4.79 4.82
1/8 4, 3 3.5 4.45 4.45

x 10-3 1 255, 247 251.0 6.40 6.40
1/2 175, 165 170.0 6.53 b.53
1/4 104, 105 104.5 6.62 6.68
1/8 58, 79 68.5 6.74 6.80

10-3I TNTC, T-- Ck" - - -

1/2 217, C- 217.0 6.34 6.35
1/4 96, 101 98.5 6.60 6.61
1/8 49, 60 54.5 6.64 6.71

a. Each dilution studied was a separate virus pool that differed in treatments.
b. Too numerous to count.
c. Contaminated.

&/



TATgLE 2. COMPAPTSON OF MOUSE AND PLAQUE ASSAY OF RIFT VALLEY FEVER VIRUS

Number of Mean Standard Variancea/
Asgav Procedure Replications Log,0 Titer Deviation s 2

MICLD 50 42 8.2 0.30 0.9CO

Plaque 42 6.7 0.39 1.522

o, Significant at the 6% level.

To further tent the relationship and possible difference in linearity
between the two _ssay systems, the second in these series of experiments
was performed. After low-speed centrifugation, the supernatait was:
(i stored at -65 C or (ii) alum-precipitated and stored at -65 C. Then,
in order to determine if various virus treatments affected the titers
obtained by the two assav systems, samples of each of two stored test
materials were se2lected at random once a week for 3 weeks and assayed at
five different dose levels. To obtain the duse levels necessary for showing
linearity, we diluted the original samples (titer) of each of the virus
cultures. The dilution levels of these samples were from 10-1 through
10-3 log, %fiich gave five dose levels. Subsequent dilutions were made to
adjust the nuwbar of plaques p,:r bottle. Therefore, 10-1 log dilution
might have five subsequent dilutions, whereas 10-5 original 3og dilution
might have only one or no subsequent dilutions. The mcans for the log pfu
and log MICLD0wvalues were analyzed by linear regression to obtain calculated
slopes and the correlation coefilcients for the t,;o assay teehniques.

For this assay to be useful, a straight-line relationship has to exist
between dilution .-nd titer (virus concentration) over a wide dose range.
Such a relationship was demonstrated with this plaque assay (Fig. 2).
There was no statistical difference between slopes over the treatments
tested. Moreover, when the same treatment material was assayed in mice,
no statistical change in slopes was demonstrated. In fact, there was no
statistical difference between the slopes of the plaque and mouse assay
systems; however, the titer of the MICLDs0was 0.7 to 1.0 log greater than
the pfu. Examination of the data does indicate that the variability of
the points about the lines of MICLD,,is somewhat more than that of the pfu,
although the difference in variability is not statistically significant.

A straight-line relationship was also obtained when the pfu values were

plotted against MICLD50values kFig. 3). Again, no statistical difference
in slope was domonstrated over the treatments when the pfu were plotted
against the MICLDe.



pfu/mI MiCLD 5 0 /m!

S48-Hour Culture
~71b=1.0r6 b= 0.9790

7 b= 1.0060
6-

"0 5

4-

2

8Alum Preci pitate
7- b= 1.0406b0.03

5-

I I I .

Log 1 0 Dilutions

FIGUU 2. S lop Cosparison Between Rift Valley Fever Virus Allay Techniques
After Alum Treatment.

b=106 =097



48-Hour Culture

5 b 0. 9717 8

2- 718

00

7-
6 b=O0.9851

4-

2 Alum Precipitate

0
7-

4-

2 Alum Precipitate

0I , I a p I p

1 2 3 4 5 6 7

Log 10 pfu/ml

FIGURE 3. RLatatonship of pfu to HICLD50 After Alum Treatment.



From this work, we concluded that the alum treatments of the virus
suspension:- had no appreciable effect on the plaque assay system. There-

fore, all data that had been collected in our laboratory for comparing pfu
and MICLD% could be put into one linear regression program for obtaining
an estimated slope that can be used for estimating MICLDW from pfu (Fig. 4).

The straight line shows the estimated relationship between pfu and
MICLD5 0 ; the 95% confidence limits are represented by the inner pair of
curved lines, and the 95% tolerance limits for a point that could be
determined by a single plaque assay and a single mouse assay are represented

by the outer pair of curved lines.

If one uses the model to estimate the MICLD, infectivity (potency) of

test material. for which the plaque assay gives 6.5 log1 0 pfu, the estimate

will be 7.1 wtth 95% tolerance limits of approximately 6.0 to 8.3 loglo

MICLD50. -Obviously, the present slope is restricted to 8.5 log10 pfu, thus

restricting the range in which MICLD0 van be estimated unless the line is

extrapolated to account for higher pfu values.

D. REISOLATION OF VIRUS

RVFV was readily reisolated from plaques; a single plaque of the

small-plaque RVFV inoculated into monolayer produced 10-3 to 10-5 tissue

culture infectious doses per plaque. No plaques were seen in the absence

of virus inocula, nor was virus recovered from clear areas of the infected

agar surface. The reisolated virus was neutralized by specific hyperimmune

sheep serum.
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IV. DISCUSSION AND SUMMARY

RVFV produced plaques that were well-defined and characteristic of

the small-plaque variant in monolayer cultures of L-MA clone 1-1 tissue

cells under a double agar overlay. Plaque counts on days 3 and 4 were

not statistically different, although plaque size was increased by the

4th day. A linear relationship was observed between plaque counts and

virus concentration under various treatment conditions, permitting precise

virus assays. These results were further extended to include comparison

of slopes between MICLDO and pfu. Although the titers for MICLD'were

consistently higher, there were no statistical differences in or between

31opes of the two assay systems. This observation permitted accumulated

data comparisons between the two assay systems to be combined into ore

linear regression program for development of a model for estimating MICLD0

from pfu. The modcl now provides a technique foi! observing infectivity in

two independent assay systems with certain accuracy at a greatly reduced

cost to an experimenter or diagnostic and experiwental laboratories) where

such determinations are routine. To insure that zhe relationship portrayed

in the model continues to hold after additional passage of the virus in

tissue culture lines, it will be necessary to perform studies at regular

intervals to confirm the relationship between pfu and MICLDSO. This procedure

will serve to spot any changes in mouse pathogenicity, unaccompanied by

decrease in pfu.

For the virus system under study, a large reduction in cost has been

provided utilizing the model described. The particular model and the

parameter estimates obtained, while not necessarily applicable to other

virus strains, give some hope that similar comparative studies may provide

a basis for like reduction in cost for routine assays of other viruses.

On the basis of their own experience, the authors recommend such studies

where the number of assays is appreciable.
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